Abstract. The dependence of the optical properties of spherical gold nanoparticles (AuNPs) on particle size and wavelength were analyzed theoretically using Mie theory, where the complex refractive index of gold was corrected for the effect of a reduced mean free path of the conduction electrons in small particles. The simulation results indicated that larger diameter AuNPs have high sensitivity and the resolution compared to the small diameter AuNPs. Two different fabricated methods for synthesis larger diameter AuNPs have been proposed. One is the directly synthesis 50nm AuNPs, the other method is separated to two steps (prepared 13nm AuNPs seeds, then synthesis 50nm AuNPs). Comparing the UV-vis spectra and SEM image of the AuNPs synthesized by these two method, we find that the symmetry of the directly synthesis method is better than the other method. The experiment results show that the synthesis AuNPs are uniform. The major aim of this work is to provide a simple and fast method to synthesis larger diameter AuNPs and research the optical properties of the nanoparticles.
Introduction
In the past few years, gold nanoparticles (AuNPs) [1] have attracted interest as a novel platform for various applications to nanobiotechnology [2] and nanomedicine [3] because of convenient surface bioconjugation with molecular probes and remarkable plasmonresonant optical properties. [4] Recently published examples include applications of NPs to biosensorics, [5] genomics, [6] clinical chemistry, [7] immunoassays, [8] optical imaging of biological cells, [9] targeted drug delivery, [10] immune response enhancement, [11] and cancer cell photothermolysis. [12] Most of these examples are based on a combination of biological recognition (the probe molecule + the target molecule) and resonance absorption or scattering of light on frequencies corresponding to excitation of localized plasmons. [13] Moreover, molecular recognition has recently been used for a DNA-programmable formation of nanoparticle methacrystals. [14] Larger diameter AuNPs have high sensitivity and the resolution compared to the small diameter AuNPs. Synthesis larger diameter AuNPs is essential for most biomedical applications of AuNPs. For instance, 50nm AuNPs are very useful for the fluorescence enhancement. In this paper, we analyzed the dependence of the optical properties of spherical gold nanoparticles (AuNPs) on particle size and wavelength using Mie theory, where the complex refractive index of gold was corrected for the effect of a reduced mean free path of the conduction electrons in small particles. We proposed two different synthesis methods for larger diameter AuNPs. One is the directly synthesis 50nm AuNPs, the other method is separated to two steps (prepared 13nm AuNPs, then synthesis 50nm AuNPs). Comparing the UV-vis spectra and SEM image of the AuNPs synthesized by these two method, we find that the symmetry of the directly synthesis method is better than the other method. The major aim of this work is to provide a simple and fast method to synthesis larger diameter AuNPs and research the optical properties of the nanoparticles.
Theoretical calculations
In 1908, Mie presented a solution to the Maxwell equations [15] , which facilitated the calculation of the extinction and scattering efficiencies of small metal particles. In addition to the theoretical work, a sizable amount of experimental data have been collected, and the influence of particle size, shape, dielectric environment, and surface coatings on the extinction and scattering cross sections of small metal particles have been discussed. [16] We used Mei theory to calculate the relationship between the absorption and the wavelength of the incident light when the radius of the AuNPs and refractive index surrounding medium around the AuNPs are different. Figure 1(a) shows the simulation results of the relationship between the wavelength and the different radius of the AuNPs using Mie theory when the radius of the AuNPs are 9nm, 12, 15, 22, 48, 99nm, respectively. Figure 1(b) shows the simulation results of the relationship between the wavelength and the refractive index with different surrounding medium around the AuNPs using Mie theory when the radius of the AuNPs is fixed to 48nm and the refractive index of different surrounding medium around the AuNPs are 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, respectively. From these calculated results, we can see that larger dimeter AuNPs have high sensitivity and the resolution compared to the small diameter AuNPs. 
Methods
Preparation of Au Ps with two steps synthesis method. Small AuNPs seeds with a diameter of 13nm were prepared by the following procedure: add 0.4g of sodium citrate to 35 ml ultra pure (UP) water, then obtained 38.8mM sodium citrate. Add 50ml UP water to the glassware, heat to 109°C, then add 138µl 0.1mM ( 1g/10ml) HAuCl4 · 3H2O, heat 30min. Add 5ml 38.8mM sodium citrate, heat another 30min. At last filter the solution with the 0.22µm filter, then keep the solution in the container. Figure 2 shows the SEM picture of the 13nm AuNPs seeds colloid.
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These particles were then used as seed particles for the synthesis of AuNPs with larger dimeter of 50nm. 50nm AuNPs were prepared by the following procedure: Add 125ml UP water to the glass ware, heat to 109°C. Then add 102.12 µl HAuCl4 (0.1mM) to the solution, heat 30min. Add 1.125ml AuNPs seeds (13nm AuNPs) to the above solution , then immediately add 0.56ml 38.8mM sodium citrate, heat another 30min. Add 5ml 38.8mM sodium citrate to the glassware, then heat 60min. the last step is filter the solution with 0.22µm filter, then keep the solution in the 50ml container. Figure 3 shows the SEM of the 50nm AuNPs colloid synthesis by the small seeds, insert picture is the AuNPs solution.
Preparation of Au Ps with directly synthesis method. The directly synthesis method of the AuNPs is according to the traditional method. There are three steps: at first, add 100ml UP water to the glassware, heat to 109 °C. Then add 100µl 0.1mM (1g/10ml) HAuCl4 · 3H2O and heat 30min. After that add 0.5ml sodium citrate (38.8mM) and heat another 30min. At last filter the solution with 0.22µm filter and then keep in the container for the future use. Figure 4 shows the SEM of the 50nm AuNPs colloid synthesis by directed method, insert picture is the AuNPs solution.
From the SEM pictures, we can see that the 50nm AuNPs colloid synthesis by directed method is better than the seeds mediated 50nm AuNPs.
Results and discussions
All gold colloids were characterized using a real-time UV-vis spectrometer with a CCD array detector in the wavelength range from 400 to 700 nm, with a resolution of 1 nm. Figure 5 is Absorption of 50nm AuNPs colloid mediated by 13nm seeds method. Figure 6 is absorption spectrum of the 50nm AuNPs colloid synthesis by directly method. 
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From the absorption spectra, we can see that for the same dimeter 50nm AuNPs, the peak wavelength position is different. The peak wavelength of AuNPs colloid mediated by 13nm seeds is larger than the directly methed synthesis. This result may caused by the average diameter of AuNPs mediated by 13nm seeds is larger than the directly method. But the full width at half maximum (FWHM) of the directly method is narrower than the other method. So the 50nm AuNPs synthesis by the directly method has higher resultion than the mediated by 13nm seeds method.
Summary
In this paper the optical properties of spherical AuNPs in aqueous solutions are analyzed, both theoretically and experimentally. We analyzed the dependence of the optical properties of spherical AuNPs on particle size and wavelength theoretically using Mie theory. The simulation results indicated that larger diameter AuNPs have high sensitivity and the resolution compared to the small diameter AuNPs. Two different fabricated methods for synthesis larger diameter AuNPs have been proposed. One is the directly synthesis 50nm AuNPs, the other method is separated to two steps (prepared 13nm AuNPs, then synthesis 50nm AuNPs). Comparing the UV-vis spectra and SEM image of the AuNPs synthesized by these two method, we find that the symmetry of the directly synthesis method is better than the other method. The experiment results show that the synthesis AuNPs are uniform. The major aim of this work is to provide a simple and fast method to synthesis larger diameter AuNPs and research the optical properties of the nanoparticles. 
